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SNOW  ACCUMULATION  AND  MELT  IN  STRIP  CUTTINGS  ON  THE 
WEsf" 5L0PES  OF  THE  OREGON  CASCADES 
by 

Jack  Rothacher 
SUMMARY 

TFst-year  results  from  snow  measurements  in  2-chain-wide ,  east- 
west,  clearcut  strips  show  greater  accumulation  but  more  rapid  melt  of 
snow.     At  the  time  of  maximum  accumulation  in  March     1964,  water  content 
of  sv\o\^  in  the  clearcut  strip  was  35  percent  greater  than  that  under  the 
undisturbed  forest.     By  June  15,  only  3  of  36  plots  in  the  open  were  snow 
covered  in  contrast  to  26  of  36  plots  snow  covered  under  the  undisturbed 
forest . 

In  recent  years,   timber  harvesting  in  Oregon  has  been  extended  to 
the  upper  edge  of  the  commercial  timber  zone  and  even  i;:ito  the  subalpine 
zone  on  the  west  slopes  of  the  Cascade  Range.     Moderately  heavy  snowpacks , 
common  to  these  areas,  present  some  possibilities  for  cutting  practices  to 
aid  in  better  distribution  of  streamflow  through  delay  of  snowmelt  runoff. 

Because  of  our  maritime  climate,  characterized  by  wet  winters  and  dry 
summers,  streamflow  from  drainages  on  the  west  slopes  of  the  Oregon  Cascades 
is  poorly  distributed  throughout  the  year.     Minimum  flows  occur  during  mid 
to  late  summer  when  water  is  most  in  demand  by  downstream  users,  Anderson^/ 
and  others  intensively  studied  the  hydrology  of  California's  snow  zone  and 
have  made  a  number  of  suggestions  for  managing  snow  zone  forests  for  specif- 
ic objectives.     It  is  our  purpose  to  determine  the  applicability  o^some  of 
their  recommendations  for  strip  cutting  to  delay  sno^-Tmelt  under  Oregon  cli- 
matic conditions. 


— ^  Anderson,  Henry  W.     Managing  California's  snow  zone  lands  for 
water.     U.S.  Forest  Serv.  Res.  Paper  PSW-6 ,  28  pp.,  illus.  1963. 
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The  cutting  pattern  used  in  this  experiment  is  essentially  the 
first  stage  of  Anderson's  "wall  and  step"  cut.     Six  2-chain-wide 
strips,  15  chains  long  and  oriented  in  an  east-west  direction,  were 
cut  in  a  uniform  mountain  hemlock-true  fir  forest  at  approximately 
4,500-foot  elevation  near  Willamette  Pass,  Greg.  Cut  strips  were  sepa- 
rated by  a  10-chain  leave  strip. 

Records  from  weather  stations  a  few  miles  east   (Weather  Bureau 
No.  6251  and  Cooperative  Snow  Survey  Station  at  Cascade  Summit)  show 
an  average  annual  precipitation  of  59  inches  and  a  water  content  of 
36.4  inches  in  the  snow  at  time  of  maximum  accumulation  near  the  end 
of  March.     The  March  1964  water  content  at  Cascade  Summit  was  37.4. 

Topography  is  gentle  with  south  to  southwest  aspect.     The  undis- 
turbed forest  is  moderately  dense  with  little  understory  vegetation 
(figs.   2  and  3).     Mountain  hemlock  made  up  61  percent  of  the  volume 
removed  from  the  cut  strips;  noble  and  Shasta  fir,  29  percent;  other 
true  firs,  7  percent;  white  pine,  2  percent;  and  Douglas-fir,  the  re- 
maining 1  percent.     An  average  of  24,000.  board  feet  per  acre  was  har- 
vested from  the  six  strips.     Dominant  and  codominant  trees  ranged  from 
85  to  135  feet  in  height,  averaging  about  105  feet. 

METHODS 

Three  sample  plots  were  randomly  chosen  on  each  of  two  north-south 
transects  across  each  clearcut  strip „     Transects  were  also  randomly 
located  with  the  restriction  that  they  be  at  least  5  chains  from  the 
ends  of  the  strips.     The  transects  were  extended  either  north  or  south 
into  the  10-chain  uncut  area  between  strips.     Sample  plots  within  the 
forest  were  taken  at  3.00,  3.75,  and  4,50  chains  from  the  edge  of  the 
cut  strip  to  place  them  well  within  the  undisturbed  forest  and  beyond 
the  transition  zone. 

Snow  depth  and  water  content  were  measured  monthly  at  each  sample 
plot,  beginning  January  14,   1964 „     At  the  height  of  the  snowmelt  period, 
an  intermediate  sampling  was  made  on  May  28.     Observations  were  also 
made  on  June  8  and  July  4.     Snow  was  measured  at  points  approximately 
5  feet  from  the  sample  stake  at  the  end  of  45°  radii  starting  at  NNE. 
and  proceeding  clockwise.     This  procedure  prevented  repeat  sampling  in 
the  same  spot  and  permitted  sampling  the  variety  of  conditions  caused 
by  random  spacing  of  trees  of  all  sizes  near  the  plot  center.  All 
sampling  was  done  by  personnel  from  the  Oakridge  Ranger  Station,  Willa- 
mette National  Forest,  using  standard  procedures  for  measuring  snow  with 
a  snow  tube  as  practiced  in  Federal  and  State  cooperative  snow  surveys.  2_/ 


—    Soil  Conservation  Service.     Snow-survey  sampling  guide,  U.S. 
Dept.  Agr.,  Agr.  Handb .   169,  37  pp.,  illus.  1959. 
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RESULTS 


The  cycle  of  accumulation  and  melt  of  the  snowpack  clearly  shows 
that  snow  depth  and  water  content-?-''  were  greater  in  the  open  strips 
until  early  May  (fig.   1).     However,  because  of  the  higher  rate  of 
snowmelt  in  the  open,  snow  disappeared  first  from  the  cut  strips.  By 
May  28,  11  of  the  36  plots  in  the  open  were  bare;  by  June  8,  23  were 
bare.     At  the  last  measurement  date,  June  15,  only  three  plots  in  the 
open  had  snow — two  measured  1.0  inch  deep,  the  other  8.5  inches  (aver- 
age water  content  for  the  36  plots  in  the  open  was  0.29  inch).  By 
contrast,  the  average  depth  of  all  36  plots  within  the  forest  on  June 
15  was  8.8  inches   (water  content  A. 5  inches).     At  this  time,  10  of  the 
forest  plots  were  bare;   the  other  26  had  snow  depths  ranging  from  2.5 
to  24  inches.     June  8  photographs   (figs.   3  and  4c)   show  the  contrast 
between  the  undisturbed  forest  and  the  cut  strip.     Photo  for  figure  Ac 
was  taken  with  the  camera  aimed  along  the  north  edge  of  strip  3;  that 
for  figure  3  was  taken  with  the  camera  rotated  180°   to  show  conditions 
under  the  forest.     The  bare  ground  in  the  foreground  connects  with  the 
bare  area  in  the  cut  strip. 
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Figure  1. — Accumulation  and  melt  of  snowpack ^ 
Willamette  Pass,  Oreg.^  1964. 


Water  content  measurements  for  February  14,  1964  ,  were  subject 
to  error  due  to  hard  ice  layers,  especially  in  cut  strips. 
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When  observed  on  July  4,  no  sample  plots,  either  in  the  open  or 
under  the  forest,  had  snow  remaining.     A  search  of  the  clearcut  strips 
revealed  only  one  small  spot  of  snow  of  a  few  square  yards  in  the  south- 
west corner  of  strip  3  and  another  small  patch  half  in,  half  out  of  the 
cut  strip  near  the  center  of  the  south  edge  of  plot  4.     Under  the  forest, 
there  were  innumerable  small  patches  of  snow  in  sheltered  spots. 

Snow  depth  under  the  forest,  measured  from  3  to  4-1/2  chains  from 
the  edge,  showed  no  trend  with  distance  from  the  clearcut  strip.  This 
indicates  that  our  forest  measurements  are  far  enough  from  the  cutting 
to  be  fairly  representative  of  the  uncut  forest.     No  samples  were  taken, 
this  first  year,  in  the  transition  zones  on  each  side  of  the  cut  strips. 


Anderson  has  found  that  only  about  half  the  difference  in  snow  accumu- 
lation associated  with  cut  strips  is  found  in  the  strip  itself,  the 
other  half  being  in  the  adjacent  forest.     Although  snow  patches  found 
at  the  time  of  the  last  observation  in  July  were  generally  far  from  the 
edges  of  the  cut  strips,  this  transition  zone  should  be  sampled  in 
future  studies. 

Average  snow  depth  and  its  water  content  under  the  forest  and  in 
the  open  is  shown  in  figure  1.     At  the  time  of  maximum  accumulation  in 
March,  snow  depth  was  23  percent  greater  in  the  open  than  under  the 
forest;  water  content  was  35  percent  greater.     Density  of  the  snow  was 
at  this  time  higher  in  the  open  than  under  the  forest,  0.26  and  0.24 
cubic  inch  of  water  per  cubic  inch  of  snow,  respectively.     At  the  time 
snow  was  rapidly  disappearing,  density  had  increased  to  over  0.5  inch. 

Progress  of  snowmelt  within  the  cut  strips  is  shown  by  figure  4. 
Snow  melted  first  along  the  north  edge  of  the  strip  where  solar  radia- 
tion was  least  interrupted  by  tree  crowns  of  the  uncut  forest. 

In  the  open  strips,  snow  depth  decreased  with  distance  from  the 
south  edge  of  the  timber  both  during  the  period  of  accumulation  (Janu- 
ary through  March)  and  the  period  of  snowmelt   (April  through  June) . 
This  trend  in  snow  depth  during  the  accumulation  period  probably  re- 
sulted from  both  greater  deposition  in  the  lee  of  the  south  timber 
edge   (prevailing  winds  from  southwest)  and  greater  melt  along  the  north 
timber  edge  during  warm  periods.     The  decrease  of  snow  depth  from  north 
to  south  across  the  strips  was  further  accentuated  during  the  melt  pe- 
riod.    Timber  shading  the  south  edge  of  the  strip  slowed  snowmelt  and 
the  north  timber  edge  reflected  infrared  radiation  speeding  snowmelt. 

For  our  range  in  slope  and  aspect,  Anderson  has  recommended  strips 
one-half  to  one  tree  height  in  width.     The  strips  as  cut  are  a  little 
over  one  tree  height  in  width.     The  progress  of  snowmelt  within  the 
strips  indicates  that  shade  from  adjacent  timber  to  the  south  might 
have  been  more  effective  in  delaying  snowmelt  if  we  had  limited  width 
of  the  strip  to  1  to  1-1/2  chains  rather  than  the  2-chain  width  used. 
However,  under  conditions  observed  throughout  the  area  this  first  year 
of  measurement,  there  is  no  indication  that  snow  would  persist  longer, 
in  any  practical  width  strip,  than  it  would  under  shade  of  the  forest. 

DISCUSSION 

Although  first-year  results  are  admittedly  preliminary,  we  do  find 
that  our  results  are  similar  to  those  found  by  Anderson  and  others  who 
have  studied  snow  accumulation  and  melt.     With  this  reassurance,  we 
might  speculate  about  the  implication  to  management  of  our  forests 
within  the  snow  zone. 

1.     Although  we  have  no  comparison  of  evaporation  and  condensation 
rates  from  snow  surfaces  in  the  open  and  under  the  forest,  we 


can  be  reasonably  sure  that  more  water  will  be  obtained  from 
the  cut  strips  than  the  uncut.     The  accumulation  of  snow  water 
is  greater  (33.3  inches  in  open,  2A.7  inches  under  forest)  and 
transpiration  is  practically  eliminated.     Recent  studies  by 
Ziemer— /  indicate  that  under  similar  conditions  in  California 
almost  7  inches  less  water  was  used  during  the  summer  in  a 
clearcut  strip  than  under  the  forest.     Soil  in  the  bare  clear- 
cut  areas  remains  near  field  capacity  throughout  the  summer. 
Hydrologists  now  believe  that  slow  drainage  from  these  areas 
of  high  soil  moisture  contribute  to  streamflow  even  during 
late  summer.     Future  measurements  in  this  area  will  include 
sampling  of  soil  moisture  in  June  and  again  in  October  before 
snow  falls. 

2.  Increased  accumulation  of  snow  on  a  soil  which  has  remained 
high  in  water  content  may  increase  the  possibility  of  a  rapid 
rise  in  streamflow  during  flood-producing,  rain-on-snow  events. 

3.  The  presence  of  late  snow  patches  within  the  forest,  where 
small  openings  are  present  but  well  shaded,  gives  some  support 
to  the  idea  that  many  of  our  high-elevation  forests  are  natu- 
rally nearly  ideal  for  maximum  delay  of  snov^7melt.     Under  con- 
ditions of  this  study,  strip  cutting  resulted  in  decreased 
effectiveness  of  the  forest  for  snow  retention.  Narrower 
strips  and  block  or  selective  cutting  might  have  been  more 
effective . 

4.  Even  though  snow  patches  may  persist  longer  under  the  forest, 
their  time  of  disappearance  coincides  with  the  period  of 
heaviest  transpiration  use  by  the  forest  cover  and  the  start 
of  soil  moisture  depletion.     Meltwater  from  the  lingering 
snow  patches  within  the  forest  may  not  contribute  materially 
to  summer  streamflow,  but  may  be  beneficial  to  tree  growth. 

5.  Early  melting  of  snow,  exposing  bare  ground  along  the  north 
edge  of  the  cut  strip,  may  extend  the  normally  short  growing 
season,  favoring  more  rapid  establishment  and  growth  of 
regeneration. 


—  Ziemer,  Robert  W.  Summer  evapotranspiration  trends  as  related 
to  time  after  logging  of  forest  in  Sierra  Nevada.  Jour.  Geophys.  Res. 
69:  615-620.  1964. 
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